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ABSTRACT : 



PROBLEM TO BE SOLVED: To provide device and method for high speed optical 
communication suppressing waveform deterioration of an optical signal. 

SOLUTION: Electrodes are provided on waveguides #1 , #2 of a Mach-Zehnder type 
optical modulator, and when independent drive voltages are applied to respective 
electrodes, the same phase modulation amount the phase modulation amount that a 
beam receives by the drive voltage E1 but by an opposite code thereof is made to impart 
to the beam passing through the waveguide #2 while the drive voltage E1 is applied. 
Similarly, even when the drive voltage E2 is applied, the phase modulation that the beam 
passing through the waveguide #1 receives and the phase modulation that the beam 
passing through the waveguide #2 receives are canceled after both beams are 
multiplexed. By constituting in such a manner, the phase modulation amount imparted by 
the Mach- Zehnder type optical modulator becomes '0' always, and the chirping defined by 
the time differential of the phase modulation amount doesn't occur. Thus, the waveform 
deterioration due to the chirping is suppressed. 
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7tfS-!f^Kti "0" -C*"*. iit-'X. mm (e ) (c^ 
J: otc. |5]0 ( d ) «!6#«E*«v*fc4t^i- 

(*»§E*f« "0" ) t%h, -15. mWKStf "0" f 
*4*&tc*i. HI 9*»i», «bc3feK<0*«^ P ( t ) 
jWfttJ §i'U> t . ,_£9J; :) tc L T , P ( t ) 
ti, t"-/ PP- 1-//B ( b/'s ) . 2fr?>l cot" 

•v P U — P c7>m^ ft-f ■ i 2 oIA tM & k Iz i. -> 

t . mmcof-? p u- vv>fcm^z±m.-t& z t ^t-# 

oiD. Mz.lt. 4 0Gb i t /sc7)7tft-^^±Bic 
htzWzli. 2 0G b i t. sf/jfl^'rE^-f /^-f X£ 

j k of ^ c htt & , 

[ 0 010112 2(±. «Wtfcft4ft' y P> 7 P 

w$s<7M®.$:^mx~fo h , mmr ■■> > x 7vwbmk ± 

h N R z Sill k m— 0) t> ay Sr JB v >t v > •§» , 
[00 1 l ] j^i9Cfficov^yN-yx>:r»^|igs<7)z: 

7-f AXn y h^ilSH-r^-yB /2 ( b, s ) 

% 2 --joymmm # 1 . # 2 * A*r-r& , ■? -y ->vy x > 
rff^^3SHoeptHrSE^m^!»tt« . hi 9<dxo 
iz=nm&mxmmmzmtt&w&?:¥fr>., z z to 
wtmmt. #2^€<a^icffl^-t 

C 0 0 1 2 ] ¥ t -/ h is 7 P &m$9RttliZts v »"C (i . 
-i. -^S&H. (t-§-7^y )wi^i^v^<y-^^^,i C 

L . H 2 2 (c^ L 3t J; -) ^^c.*^.)j^(PJJllifriffit?lB)t^.)-7 
••//N-y x ^y^*3SiS8S-ffl«-'>-C^b' -/ 1- i- 7 

f>3mjTft (ftT.i.X't'f -)•>) . NRZ) kit^ 

%mw/£ itz£. t hk^ -> mmm> & , z tut . ^ f y 

I- > 7 h#ffi;MlsJ"7j^{cfe(/ >T(i. x > y 'TBit 

tcqifln $ii&lKE*«|SJ«| Uis^f. 55'J '-' ?>imk % -» 

[00 i 3] H2 3i±. *^St»-3«:fc:tJJt^ ^J^Kt 

P..,,.. ~ Po '2 • e \ i> ( i ( o> ( , 
&«o t ) ) - E 0 2 ! e x p ( 

( i <y,j t ) — E 0 2 1 ( <:■ o s </>,-, 



■ti-c. Ttftw. zoyft? t * xztmitzmz&mz 

* fc , ■_ <?:> g3H^» > S x L-— >•• 3 > (c i & »fr g**f 
r < Mp^^;l f- < tcfc^Tti. N R zit-pl^tc^it 

&Back-to-ktckT(7:>T -f S3P fS^ft3§c7;)ffi^ >; U-t t > 
i ■- X . Back-to-back kit. iMfflihSfHS^fc 

<n l> cry * L T i > h , mm IZtk S ft & «fc a <c . # h' ••/ 
1- i, 7 h %>m%M1j iftizt^ vctt . ftoS:ll7jiC ( N R 
Z . 7tr\x:f W + U ) (;Jt- < . >>f15t I- b -y > X (CT/l 

, T i mn^i'il^r 4 ifi 1 d B IXflZtj: Z, fcW& 'jtWi 

y>IEH ) lf l >\-Z> i v //rifl? $i l , 

[ o o 1 4 ] H2 4ii. &£mtji%izinfz, %mmx*cr> 
m&itc?M^£^tmtmzTh& . ^t- ■/ h > 7 p 

st<cit<T . lEncom^Mxms^mzni xmm^ 
iwmmx-h *) , ij-afe p u- 7 > -x (mnt. r-fma^ 
i-^irjtfi dBi;mz%$>mmmfte&<nmm) a. n 

R Z ^r^3K r x ^/ < f + >> ^ {C Jt<T BJ A> ^Hc '] s $ 

%ti. mmiz&\,->x, $&mwtPt t* y p > 7 

I- ^fi^IIIWit t . N R Z ;/Jt-C(i . 0 . 6 7Bt^o 
Tf>&*A jlfi^^t'JMWI^lCli. 0. 2 5 

, ^iig^j^r 0 . 25 b t -ri, o*«jR3a-c* hzk // 
[0015] #t*v p > 7 b$>mmmi3vm<nmm 

j&ztic^T m-i&ilfrrk *■ v >^"H *• y.T(c.^it ft L T fa 
W? t , Htg&mizK-ft $ it S3h-py p ( c w ) 3t 

P-ir, = Ei;i • e x p ( i 6t) (1 t ) 

lEM-fi^d J: & «/» A ( t ) . </>,, ( t ) *fg(t 

^.-)tfi^'ffirrOcyHi:WTy).i ') CfS$il«., 
[ 0 0 1 6 ] 1 : E f , V"2 ■ e x p ( i 

( <i.l c , t + </> fi ) ) 

tE™WM>.# 2 : E 0 /V"2 ■ « x r> ( i ( o> f , I + 
0f ) ) 

ATS*. 

[ 0 01 7 ] 

!•+</>,, ) ) +P ( , y' 2 • e x i» ( i ( 
i </> A ) -I- e x p ( i </> E ) ! • e x p 
•I c o s </> (i ) + i • (sin </>,-. -t- s 
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i ii 4>t ) I -ex p ( i o>t> t ) • 

lot. mjjftm^rmmp ( t > tm.m> < t > mi 

TOX 

P ( I. ) = ( E 0 ,- 2 ) 2 • ; ( c 
+ s i n^ t ) * ! =E 0 * /2 ! ] 
s 2 ( ( </» A -</> B ) /2 ) • • • ( 

<J> ( t ) = t a rr 1 ! (si n <£ ft 
6 ) ! = t a ii ' ! (si n ( ( <f> R 
/ 2 ) ! = (</> fl + *„ ) 2 • • - 

ifcK ft-fy/AA« WT i 5 izm $ ix £ , 

A A ( t ) = A {In c' ,'m ) = 
' , a> 2 ) • d <I> ( t ) d t =- ( 
d t ) • • • (4 ) 
( c ' : %7r f / <4><7^<7) fg^g ) 

II 2 2 iZtjk I .fcfflS**)N R Z K1ls|(Cfc(t fcHIRNOMIA 
tftftSEPSli - r ■■> > sl Til IESJj ( PWA.tJ^lt# i: 

±12^ — fc° y7tf1f;iz3fttztc& X o iz LTv >S, r>£ 

( t ) =7r,- 2 • E ( t ) 
</> E; ( t ) =-tt/2 • E ( t ) 

E ( t ) : X^mmm * > : E=l, it 7 : E = 0 

</> A ( t ) =7i • Ei (!)■•• 
4n- ( t ) =tt • E , ( t ) • • • 
P ( t ) =E 0 2 / 2 • { 1 + c o 
• • ■ (7.) 
A A ( t ) =- ( 7i 2 c • /of 1 ) 

d t ) • • • ( S ) 

E, (t) :>Jl*JW3^#l 
E 2 ( t ) : 7Jj*«|g^# 2 
3fcfl#3fcgP ( t ) «. ( 7 ) 3ti 0 . A^lM-f-E 
, ( t ) . E, ( t ) <7.mE l ( t ) -E, ( t ) <7)fr 

K J: 0 . * 1 tf>ffl#-&*r£i: , 
[00 2 1 ] 

[*1 1 





E 2 (t) 


P(t) 


O 1 


E, (t) 0 


1 0 


1 


0 1 



• • ( 1 ) 

[ 0 0 1 S ] 

O S 4>» + C O S ) 2 + ( s i n 4>C, 

+ c o s ( — </> t ) ! =E 0 2 • c o 
2 ) 

■+■ s i n 4> i ) / ( c o s <i> ft ■+- c o s <{> 
+ <f> h ) ,' 2) . 'c o s ( ( </> A + 0 B ) 
( 3 ) 

[ 0 0 19] 

- ( 2 7t C ' ./0.> 2 ) - A 0.) = - ( 2 7T c 

7r c ' / co 1 ) ■ ( d </> ft ^' d t + d </>u 

P ( t ) = E 0 2 < y 2 - ! 1 + c o s ( 7T • E 
( t ) ) I 
A A ( t ) = 0 

Ej ( t ) % E 2 ( t ) tf}Mtlh<?)X\ ±l£c7)T y 
[ 0 0 2 0 ] 

( 5 ) 

( 6 ) 

s (tt ■ (E, ( t ) -E £ ( t ) ) ) 1 

• ( dE-i ( t ) / d t + dE, ( t ) / 

-t> : E= 1 , it 7 : E = 0 
it > : E = 1 . it 7 : E = 0 

[0023] ( 1) E, ( t ) = OOii . E, ( t ) 
A 4 ' 1 — 0 oyg. it : A A > 0 

( 2) E, ( t) =1^4. E, { t ) //O— 1^)32 
ft : A A < 0 

( 3 ) E 2 ( t ) = 0 =£ , E , ( t ) W l^QCM 

(t : A A > 0 

( 4 ) E , ( t ) = 1 £7>i i . E , ( t ) //.0 — 1 <?m 
it : A A 0 

;.Tt(I"P ( I ) tyfz-hTW) ( "1" — "0" ) 
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< t ) «. ( S ) jKX ') . A***rs-*E, ( t ) <?)$_ 
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') isS: ft - d E , ( t ) d t (c ,k -> t ik & Z> 
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A > 0 ) ^\c7)^a-- b*> /'b tlfeJi(ffl ( A A < 0 ) '^:> 



{C*><-->-C i . M«IR!I ( A A > 0 ) ^c7)^- \- - f > .^.t 

^•K-IBI ( a a < o ) 'xc?:>*v— f> .^.)jno 

?ttit* .. H 2 1 t P5] Ldt " - > S f'yijic . m 2 5 IZfc 

un^MP it) ifv-t*>/AA < t > omtsi&it 

ii l rc. A A < 0 A A > (.) i'.) -T- -\ — t > ^V/'ig t -■< 
BMH**^|s*K/J»5 1 'JSia t L X . A A > 0 ^)+ v-f 
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y 7 UA < o <7) -r \* - 1 > 77/?Ft C -> X ixM £ 4 t * <?> 

[0024];; 'C. yri> i&smtem&ox -> 

ifcRrftfftD ( p s/nm) > 0— #<ifc&ak'ft(l^«¥ 
3S«'b 

jfcK^MfcD ( p s/nm) <0-»^)^{i^(I-f-^Sf 
*>T//> 0 W ( A A > 0 ) k @&ft«S ( A A < 

[0025] 

[ mmtmrn i £ot?&mm] w±mn i tz x -> tc . 

ail K jtjIfl^H^r a: AW 4 fcftfcti . ft) ASSlStf «i 
i >m» 0KT . M ir * 4 € W 4 , f/E 

T . mmi^CO b" y h U - I- <7) 2 {£C0 t* y 1- U - h <0ft 
fm Sr ifiSt-f 4 -r k W § 4 ¥ t* y h > 7 h ^M^flfTj 
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[0026] *^BBone(i . %mt^m%^o>m?<& 
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2 " dr i-wjn-r -s> C h C .± 0 » >% i l 
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# HS^H#C^J«-r 5Af?/3: . (b) flffimff-f- 
( c ) 1 ^ -f uo y 1- SrJf JW-k Lxm% 

#g<7)«ax y > ( (t-^k w^a^^fx y ^ft#^^aj-f 

4 7. f y r k . ( d ) -«x ■» vfl-^-a^x y ^fl^-t 
i-^ti 1 &t^2^aj7]li^2r^amKIS$-yr4; 

k tc i<, jifiiit-ffiffl l fcxmmnm 1 ^ibuki 

-^-k . |g 2 <7.)SHf Dd-f - ^ft^i-l^i^-r 4 X -r -y T k & 
d,t4.rk*t#65ki-4, 

[003 1] *?gajl^ Xixl£ . miS-4-^*f-^fr*t- 
4?!ilif'.L7y 2'yc7)iEf)jfi^<c4; 0 - lEfljft^^t -v M, 

- 1- 2 fg ?y:m™> Sr *.ot-r 4 ; t * 'T* § 4 1 1 t-tc, 3t 
3 fi ft(c J: 1 7f Bit I- 1 7 vxtffckth z k // 
-C* 4, ifc. i^*;Mls]«::AH>-c{i. ife^^it^Ttfl 

J»i-4 iatc*$ ^ifJcfli^'ii- fbSr^ftt L $ v> . -^BiWTJ^ 
./J,$v >k v > :i tSjgfiAvP, '.•/c//. jfc$3HN-4*8&fc:«H > 

t . -T- a— f >■ y t rr t^pj-rm ; k tat t ^ c t tc <t 
4 k * ; -c § 4 , vt -» t , teMf :)mmn3jfs t -^bk $ 

S'.tBIt&.:};* : t'* 4, 

[ o 0 3 2] JblE^J: r) tc L "C fe3M $ixr 
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[ 0 0 3 3 ] 

[J^Ul^SS^Jig] #t*>-/ h>Vb&nU& 
(i - *fS^> 3 (1 (L(c J; o t . @4*?>|*1IWHk**& , C 

[ o o 3 4 ] imz&miti-fc®&. m^'Oi'tfdm 

(A. Lender, "Correlative Digital Com 
uni cation Technique" , IEEE Trans, Commun. Te 
chnol. vol. COM- 12. pp. 128-135, 1964.) 
W ( f ) = (TV 4 ) • ! ( s i n ( ( b- I) n f 
T ) ) / ( ?r f T ) i 2 

J; r>X-. .x*<? k'MjfisKA f IW.T0>J: o £3r4 , 

[0035] ( b - 1 ) • k ■ A f • T = n 

:. A f = 1 / ( ( b - 1 ) • T) 

N R Z (l-ttCfc (. >T (± , UKU tf " 0 " , " 1 " <?> 

2 li^<7.)T b = 2 T'A 0 . A f = 1 • I &-.£> , 
[0036]f f y I- 7 I- -^fifl-vCC *> i >"C ( i . 
K.;l-*» . "0" . "1" f;3i^t, b = 

3 T A 0 - A f = 1 ,/ ( 2 T ) h & h . <t-?T, ¥ t* y 

i- > 7 1- ^mm^-i* n r z ff -"tfcHyx . ftfi-f-tf ) 3 ait 

[0037] mz, ft*-/ Iv7 l-#tt^llsl^tc7;)iS 

j^fttWL-c«, .Aummft-^E, ( t ) atfE 
& ; t bm*m:fsmx*h h , * ioiss or s?^-r & 

[0038] #<rc7.rl.rv7Jjft#(-HL 

<SN?*rcia|t:*:S 5 ) fc:3r*J: -5 ^3l!BHBflW£* t: «S!l 

X*ib%>» 

[ 0 0 3 9 ] HI (,*. *l|Bf]^*&?FM-C^ h -/.'vy 

mnM.Z-&'"l> l . </> iXnrt , -</>, . -</>:■ M. 

</>i . ■!>■, tmt±b^Xyt^O)\m-&Mi:^thl 

b tOfsLX^k. +'/>, £-</>, . +0 2 

[ 0 0 4 0 ] |a||3| ( a ) X'it, 7v^JfS#E, (C*f j£ L 

jt hti. . r ••/ > ->. T>i >&mz n :> , mmtzKii rm e > 



*>. A*(t#E, ^A^$ix/ciS^tc(i. j*i^#i(:; 
</»,c7.)f2fflS:W/4L-S./>\ .2^>^, SWfe»#2K- 

C<7)J: 3 met IcJ; -.T. 3fjgK# 1 , # 2 -r-ti i 

l t 8= K%m^tfismztxh®^\z\m$mifi 

m^ixh , w^Ji o iz . 39314:1? ') *i^(c . 2 o^OSS 
i«S5T-± t & fiiffl^P 4r *tc " 0 " t * h Z t tc J: 0 . 

[ 0 0 4 1 ] Ria ( b ) izhK >xii. A7)fI#E, ic*f 

id l t , ±w<ojmsw««# ic + 2 * i wtatasan* 11 
H-t^ru,,, &3kt ix, ±.W7)#mmm# 1 4-^a 

IRS?) frtff&g i*S§# 2 *iSii L ?tjlc«±- ^, £7>tiffi^f)5l4r 

gttS -z\ t lz% 0 . -&i£Sii£n#{c . QfflSeH^^$ 

.A^j-d-f-E , era L-cti . frt$M<m# 2 izn i >t + 2 

£?)(iffl^PI4-ffv->. MSC-*, *1t-:»TB'A 

a^s^ e , K>mm # 1 {cepjn $ tuznfe t mm^r 
•y i/ a.y;i-mmimf& ix^&. A^e#E , tE, t 

mm*. $cmfcm^tLxitif)Ziimizi±. <t>\ -<t> 

ft-f-ji. m&ic\mb ix&iiZii&mtzte, -</>, + 

sb# 1 4- m& Ltzitm^b mm # 2 4313a itzmm 
c)tm&mi>mzw&. 2u&zbiz%&« jR*f-*-t 

>'^tf>HI±4-ffli»|-f & CI .h A*T'§ 4. ( b ) ?)-</> 

mm^\{zti\, >X ft-'.>X L8:< , [hIH ( c ) fiPi^Ti: 
tii-ttfflftEBLfcifr&S:. 1^0 (d) ti— ^<0*iHft 
M(-Bil-g L . «tfr£, ^f&(c^-:'-A^477<L'Cv. 
4, tftfm. ISJEH ( b ) (CTTiLA^^tlsJK'C^oT, 
PIH( c ) . ( (i ) h . >5ift?S# 1 CAvjfltE 
, jWSiftlSi-L. «i(H»#2CA*f2^E 2 j^BJ**^ 
t'^rn^^di. -</>i Rlf-\-2<i>\ 0)tiLifo%M<?)Zi-*: 
±th, XlitEVE I WWinZilXtitrf . A.iJfS-" E 
2 c7)^/E|JJU$iLTv>4^t»|3|^C. -</- > t -l 2 0 
2 C)(iffl:&»Ay;t4il;^... A+lfi^E, Rt/Z z im 

iztmnZix'C^&m&lzw* . ^-c^fSffl^-ffsl/;^.!; 4 

J: -5 Ctft , iSt-.'X . mm ( c ) RtX ( d ) c7)t rritf) 
JS^(w L . Aflfi^E, £?:>A*fQ]|ju$i-i-C »4^(C 
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ti , mm%# 1 Sr'iffiiS L Ar/tll "M . + </> i ^EffllCPl "C* ft ■- 1 ^'M^A*) ft , 

psr-gtVa, mm~. K:m^E 2 vAtfrnnztixv* ^^a^>wm^^tm^> ft « ten, mm<?ymm 

mm £ . 2»iftSf} # 2 L7L-7tfI#(i </> 2 oAl\Wi ft , 

Hl^ft. 2V vzimt&mtitb te -> TV* . A [ 0 044] 1 1 ■ 1 2 M/^-^CBltftS: 

thi^e i rise 'ifimzmnZiiKmsiziz, mm wm<* . /^iriciiHT^w^AW 1 :)*-^ tcvs 

«j«yS# 2 &)U8 L-^^ft-f-ti- i + *2 fXaffl^tra 2 • or • 1 1 =/3- I t • • • (9) 

icntt. +</>, ( + 20, ) .b-</>, n&mmz 1 zmmtzmmizmixii. ««n 2 coat* 

ft t , -o<7.)3iis l fcM-cuwt-r ft ^mm t h nm-c . < a^me t « «s«ffi g n d ourafiSK* 

[0042] U)±<OX 0 t«(R Lfc#S3H»i . ATlSE (tft , <tot, LTWffifflMMHiJjrFW J: 3 i- 

IM*<*?gBtfrrt£ J: fcWHr-Ta^STC** h<r> tch, 

X\ 'y hisy )-%-Wj&?)&%:t>i*. mofrfA'-fiZ, [ 0 0 4 5] 

£ • 1 , -a ■ 1 1 = + « • 1 1 ( V ( 9 ))•-•< 1 0 ) 

ttz, -e .yyvy x >-yi^«{c;Btt ft t*oj*£»# i o o 4 6 ] 03(4. ♦jH^Mo-saww-e* ** 
2 s-aa-r ft 3tft^twB5 lt « , i i « f*«*3aw*a«^i**'*-ra"c*& , rh<^> 

ii-c— « • i l£ 7)(iffl^i)ii^s(tft^-c'^ft, io mtmmami (to ^itmstc^w-cfM^nT 

A . 1 1 2 KtJtfVCW+ftfifflSSKJt o . |Sl«S(wSiBgx'# ft 

{ijlW^T-pJ C^cS $t*4fc«>, T ; y ^x7*7HE»// [ 0 0 4 7 3 fttt^CSsJMM - * b WT^J: otc^rft, 

ISS^ii. ^--r-b'yy^t^CfctC^ft, «MA 3^ (5) - (S) ti±IE^iJWB*»feia.TWJ: 

* (i# # 2 J; ft 1 P9 L-*C1>. l§I«t^^- Lhtih. 

</,,, ( t ) =*-/2 • ( +E, ( t ) -E 2 ( t ) ) • • • (11) 
0 B ( t ) -7T 2 • ( -E, ( t ) +E 2 (t) ) ■ • • (12) 
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